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/1 Jl;• vf~ S 
DOW CHEMICAL COMPANY 

February 23. 1981 

Dr. Ronald D. Wilson 
Rhone-Poulenc Inc. 
P.O. Box 124 
Monmouth Junction, NJ 08852 

Dr. Don Munger 
Diamond Shamrock Corporation 
1100 Superior Avenue 
Cleveland, OH 44114 

Dr. Don Yoder 
BASF Wyandotte Corporation 
100 Cherry Hill Road 
Parsippany, NJ 07054 

Environmental Protection Agency 
Special Pesticide Review Division 
TS 791 
401 M. Street SW 
Washington, D.C. 20460 

Mr. John Wise 
Farmland Industries, Inc. 
P.O. Box 7035 
Kansas City, MO 64116 

Dr. L. J. Reid 

POST OFFICE BOX 1706 

MIDLAND, MICHIGAN 48640 

VERTAC Chemical Corporation 
5100 Poplar Avenue 
Suite 2414 
Memphis, TN 38137 

Mr. J. s. SkaptaE:on 
PBI Gordon Corporation 
P.O. Box 2276 
300 S. Third St. 
Kansas City, KS 66110 

Dr. Ray D. Cardona 
Uniroyal Chemical. 
Amity Road 
Bethany, CT 065~~5 

Mr. Tim Pomeroy 
Trans bas, Inc. 
P.O. Box 957 
Billings, MT 59103 

Mr. Wayne Ormrod 
Associate Director Pesticide 
Section 

Food Production !o Insuec tion Branch 
Agriculture Canada, Ottawa, KLA OC6 
CANADA 

Attached are the minutes of the January 14, 1981 meeting for your 
consideration. 

Sincerely, 

JolliJ. W. Vleseloh 
Chairman, 2,4-D Technical Committee 

cbg 

Enclosure 
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JOEL P.SI<EOO 

February 10, 1981 

Mr. John H. Weseloh 
Manager, Product Registrations 
The Dow Chemical Company 
Midland, Michigan 48640 

Dear John: 

WRITER'S DIRECT DIAL NUMBER 

[202) 799- 7 64 9 

REGISTRATION 

Enclosed is a copy of the minutes of the January 14, 1981 
meeting of the Technical Committee, together with exhibits. 

Pursuant to the minutes of the January 23, 1981 meeting 
of the Technical Committee and L. B. Hestover's letter of 
February 2, 1981, once we receive samples, we will assign 
each set of five samole bottles a code and forward the set 
to the four laboratories identified in the February 2, 1981 
minutes. Unless I receive instructions from you to the con­
trary, '.Ve will forward to the laboratories each S<ot as we re-­
ceive them, after they have been assigned a code_ \;Je will not 
wait until we have received all nine sets before forwarding 
them to the four laboratories. 

have 
ing: 

For your 
executed 

information, as 
and returned to 

of 
us 

today, the follo1e1ing companies 
the Memorandum of Understand-

1. Farmland Industries, Inc. 
2. Rhone-Poulenc, Inc. 
3. Dow Chemical Company 
4. BASF \'yandotte Corp. 
5. PBI-Gordon Corp. 
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LAW OFFICES 

Mc;:KENNA,CONNER & CuNEO 

Mr. John Weseloh 
Page 2 
February 10, 1981 

Should you have any questions or comments, please feel 
free to contact me. 

With best regards. 

Enclosures 
JDC,jr: das 

cc: John Davies 

Sincerely, 
r1/J 
Yc~ 

/{ . 
/: 

(___ _ _/John D. Conner, Jr. 
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INDUSTRY TASK FORCE ON 2,4-D RESEARCH DATA 

Meeting of the Technical Committee 
MC&C Conference Room 

Washington, D.C. -- January 14, 1981 

M I N U T E S 

TIME/PLACE 

The meeting of the Technical Committee of the Industry Task 

Force on 2,4-D Research Data was held at 9 a.m. on January 14, 

1981 at the Conference Room of McKenna, Conner & Cuneo, Washing-

ton, D.C. 

ATTENDAJ.\ICE 

John W. Weseloh (Chairman) - Dow Chemical Comp;:my 

Ray D. Cardona - Uniroyal Chemical 

Dan Hiller - Farmland Industries 

Werner H. Braun - Dow Chemical Company 

Dick Kociba - Dow Chemical Company 

John M. Wise - Farmland Industries 

G. Donald Munger - Diamond Shamrock 

J. S. Skaptason -FBI Gordon Corp. 

Patricia Cohn - EPA 

Henry Soencer - EPA 

Wayne Ormrod - Agriculture Canada 

Ronald D. Wilson - Rhone-Poulenc, Inc:. 

Jim L. Reid - Vertac 

John Conner, Jr. McKenna, Conner & Cuneo 
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CALL TO ORDER 

The meeting of the Technical Committee was called to order 

at 9 a.m. by John Weseloh, Chairman of Technical Committee~ 

John D. Conner, Jr. was present as Secretary. 

WELCOHE TO WAYNE ORHROD 

John Weseloh welcomed Wayne Or=od, Associate Director 

Pesticide Section, Agriculture Canada, to the meeting. 

HINUTES OF DECEHBER 17, 1980 

The minutes of December 17, 1980 were approved without amend-

ment. 

90-DAY FEEDING STUDY 

Dick Kociba of Dow summarized the results of Dow's two sub­

chronic studies of 2,4-D dichlorophenoxyacetic acid in rats. 

Transparency handouts summarizing Dr. Kociba's presentation are 

attached as Exhibit l. 

HETABOLISH STUDY 

Werner H. Braun of Dow discussed the results of two oral 

and dermal 2, 4-D metabolism studies in the rat and :~dentified 

the need for additional metabolism studies. 

RECOHHENDED DOSE FOR 2- YEAR STUDY 

Dr. Kociba recommended that the laboratory that: performs 

the two-year studies also perform a ninety-day study to determine 

the proper doses for the long-term testing. 
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SPECIES AND TEST SUBSTANCES RECOMMENDATIONS 

In response to Dr. Braun's observation that different esters 

should be used in the teratology testing than the esters recom­

mended by EPA and that the dog is not a good species for neuro­

toxicity testing, Pat Cohn requested that the Task Force provide 

EPA with a proposal describing how the Task Force wants to con­

duct certain testing. Dr. Braun will submit such a proposal as 

a counter proposal to EPA's requirements. 

ACUTE TESTING 

Pat Cohn distributed and. reviewed an undated letter from EPA 

to registrants on the subject of acute testing. Se~, Exhibit 2. 

As a Task Force, a response will be sent to EPA pursuant to 

option B in the EPA letter. 

RON WILSON 

Ron Hilson has received laboratory recommendations from two 

companies. Pat Cohn will notify Ron Hilson if there are problems 

with any of the labs. 

DIOXIN ANALYSIS 

J. Heseloh distributed Exhibit 3, "Protocol for Development 

of a Method to Analysis 2,4-D Acid for the Presence of Dioxins" 

and Exhibit 4, "Determination of Chlorinated Dibenzo-p-dioxins 

in Purified Pentachlorophenol by Liquid Chromatography." 
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Mr. Ormrod of Agriculture Canada questioned the accepta­

bility of a dioxin analytical method sensitive to .1 ppm. It 

was pointed out that analytical equipment at industry level was 

not sensitive at a level below .1 ppm. 

INFO&~TION TO BE ~l~DE AVAILABLE BY AG CANADA 

Wayne Or=od stated that the following Canadian materials 

would be made avaiiable to members of the Task Force: (1) Cana-

dian health and welfare review; (2) Canadian dioxin study; (3) use 

pattems; (4) data requirements of Canada; (5) poliey position of 

Canada on confidential data; (6) FOIA proposal in Canada. 

Al'!ALYSIS OF 2,4-D PRODUCTS TO THE PRESENCE OF DIOXINS 

John "Jeseloh again announced the scheduled mee·t:ing for 

January 23, 1981 which was called for the purpose of discussing 

the analysis of 2 ,4-D products for the presence of dioxins. 

Johri Weseloh emphasized the necessity of developing a validated 

method of analysis for dioxins, in order to establish operational 

levels and limits for quality control. John VJeseloh emphasized 

that .1 ppm was chosen as a specification limit because of the 

tight schedule for testing. 

NEXT t1EETING 

The next meeting will be held in i1arch, 1981. 

ADJOURNMENT 

The meeting adjourned at 2:15 p.m. 

Attachments 
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.. 
SUDCHRONIC DIETARY STUDIES OF TECHNICAL GRADE OR PURIFIED 

2,4-D!CIILOHOPHFNOXYACETIC ACID 

" 

SPECIES - FISCHER 31JIJ RATS <MALE 1\ND FEMALE> 

ROUTE OF EXPOSURE - CONTINUOUS INGESTION OF DIETS CONTAINING TECIINICAL GRADE 
OR PURIFIED 2,4-D 

DURATION -

DOSE LEVELS -

Gf\OUP SIZES -

13 WEEKS 

0, 15, 60, 100, OR 150 MG 2,lJ-D/KG BODY WEIGHT/DAY 

15/SEX -- EACII THEATt1ENT GROUP 
15/SEX - CONTROL GROUP 



;::!; 

0 
Ill 
~ 

"' Cl 

"' a. 
~ 

0 
Ill 

"' 0 
~ 

It: 
~ 
u:: 
' 
~ 
"> 
~ 
"' u 
~ 

-------------- ---~------

TWO SUBCIIHOIHC STUDIES OF 2,11-DICIILOROPHENOXYACETIC ACID IN RATS 
SUI1t1ARY OF. TREATMENT -RELATED CII/\I~GES 

1l,'!' 

f1.R AM E TER 

SIGNS OF TOXICITY 
BoDY WEIGHT (MEliN) 
BoDY ~lElGHT GAIN 
FooD CONSUMPTION 
FOOD CONVERSION 

( 
WEIGIIT G/\llL\ 

fOOD CONSUHED) 

TECHNICAL 1iRIIDE 2,'1~0 

Jlo S Lfi§/ KG/ D AL ___ _ 
12_ _QQ ____ lO(L _150 

·-lr F 
-t F 
-!. F 

.~ 11, F 
l M, F 
-~ F 

.\- M,F 

PURIFIED 2,11-D 
(PRELIMINARY AssESSMENT) 

_ _______ p o ~E-J:t§L~ G! D A'L __________ _ 
__15_- _fiQ_ ___ llliL __ l2Q_ 

. .J-F tt1,F ·.l.t1,F 
NoT COHPLETED 

-l M, F 

Nor co~IPLE TED 

~ -- No EFFECTS DIRECTLY RELATED TO TREATMENT, 
~ 
~ 
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H/0 SUBCIInONIC STUDIES OF 2,11-DICHLO!\OPHENOXY/\CETIC /\CID IN f\1\TS 
SUM/1/\f{Y OF TREATI1ENT -RELATED CII/\NGES 

TECHNICAL GRADE 2,q-[) PURIFIED 2,11-0 
CPREL6MlNARY AssESSMENT) 

[!Q_s E M G/K G/ lU\..Y __ . __ _· ·---..Jl.~.L .. M.G/ ~\JJJLA..Y_. ___ 

E.ARAtlETER 
i.~ 

15 60 __jbO_ ____l]Q_ _12_ 60 

CLINICAL CHEMISTRY 
11111\1 
l..IVIl 

SGPT -- -- f F '\' M,F -- !IF 
1\P -- -- -- -lr ?F -\- ?F --

GLucosE -- -- -- -- -- --
TOTAL PROTEIN" 
ALBUMIN" 
GL 0 BULl N 
TETRAIODOTHYROXJNE (T~) t?F t?F -1- F }F -·- ·H 

1' ?11 -- t?M t?l1 
HEMATOLOGY (PCV, RBC, HGB, ' 

WBC. DIFF,) N.D. N.D. N.D. 
URINALYSIS (SPECIFIC GRAVITY, 

Pli, GLUCOSE, KETONES, 
BILIRUBIN, OCCULT BLOOD, 
UROBILINOGEN) N.D. N.D. N.D. · -- N.D. N.D 

RELATED TO TREATMENT, -- No EfFECTS DIRECTLY 
N.D. = NoT EVALUATED, 
"SoME GROUPS AT lllGiiER DOSE LEVELS HAD STATISTICAL INCREASES AHOVE CONTROL, 

100 _j)p_ 

r F Hl.:ttF 
~- ·- -1- ?F 

~ M,F ,\,- t1. F 

iF .t-F 
t?M 

N.D. 



;::!; 

0 .... 
~ 

"' Cl 

"' a. 
' 
~ 

0 
Ill 

"' 0 
~ 

It: 
~ 
u:: 
' 
~ ·:;: 
~ 
"' u 
<: 

"' ·c::; 
U) 

~ 

CD 
<') 

VI 

"' ·.::: 
~ 
~ 

"' -<: 

"' u 
VI 

'E 
0 
u 
~ 
c 
w 
J: 

TWO SUDCHRONIC STUDIES OF 2,4-DICHLOROPIIENOXYACETIC ACID IN RATS 
SUMI1ARY OF Tr~EATMENT -I<EL/\TED CIIANGES 

,.,.~ 

£A!l8J1LTER -------

ORGAN WE I GilTS 

BRAIN - ABSOLUTE 
- RELATIVE 

IIEART - ABSOLUTE 
RELATIVE 

LIVER- ABSOLUTE 
- RELATIVE 

KIDNEYS- ABSOLUTE 
- RELATIVE 

TIIYMUS - ABSOLUTE 
- RELATIVE 

TESTES - ABSOLUTE 
RELATIVE 

TEC~INICAL GRADE 2,11-0 

. DosL/i_G!KG/DAY __ _ 
12_ 60 1 00 _ _l_2_!L 

1' F 

1 M 1 II fM 
1· M 1' M t t·1 1 M.F 

~ F 
t F 

-- No EFFECTS DIRECTLY RELATED TO TREATMENT, 

P!!R!F!ED 2,1!-[J 
<PREL6MINARY AssEssMENT) 

_ _______ Q_s_.c__!i§fJS.§Lru\.L _____ _ 
_ 15_ _fiQ__ __illQ_ _ __ l2lL 

-- t F 1 F 1' F 

-- 1 11 l 1·1, F 1' F 
1 11 1 M,F f ~i, F '11·1,F 

-- --- -- t F 
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TWO SUI3CHRONJC STUDIES OF 2,11-DICIILOf\OPHENOXYACETIC ACID IN RATS 
SUMMARY OF TREtYll1ENT-RELPIIED CH1"1NGES 

li,'." 

l?.i\R AM E TE H 

.Gml_ll_EAill o L.Q.\ll. 
KIDNEYS - SLIGHT SWELLING 
DECREASED ADIPOSE TISSUE 
DECREASED BODY SIZE 
GASTRIC EROSION/IlEMORRilAGE 

· fu_s T .!ll'AlllilLQ,QY 
LIVER - HEPATOCELLULAR 

CHANGES - DIFFUSE, SLIGHT 
- DIFFUSE, VERY SLlGIIT 
- DIFFUSE, EQUIVOCAL TO 

SL I GilT 
KIDNEYS- SLIGHT CYTOPLASMIC 

CIIANGES IN CONVOLUTED 
TUI3ULES 
- INCREASED IIOMOGEN I ETY 

- DIFFUSE 
- MUL TIFOCAL 
- FOCAL 

- INCREASED EPITHELIAL 
VACUOLATIZATION 
-· MULTIFOCAL 
- FOCAL 

TECHNICAL GHADE 2,'1-0 

-~---"0"-"o-"-s,_E J1_G/ K GLflAl ____ · 
n: r:n 1 nn H: n 
!.d._ uv ---~ -·---U~ 

M 

F 

±M M,F 

M,F 

~~ 

F 

F 
F 
F 

M,F 

M 

F 

-- No EFFECTS DIRECTLY RELATED TO TREATMENT, 

PUHIFIED /,11-0 
(PHELIMINAHY AssESSMENT) 

=----"D"-"o iiLM.iiLt_\Jl!lllL ______ _ 
_12__ 60_ lO_Q_ _j_]_Q_ 

F 

F 

M 
11 

F 

F ~1, F 
~I 
~~ 

M,F t1.F 

11 
11 
M 

F 
F 

t1 

F 
F 
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TECHNICAL 2, 4-D - SUMMARY OF TREATMENT-RELATED CHANGES IN RATS • 

TREATMFNT-RELATED CHANGES IN: 

BODY WEIGHT 
FooD CoNsUMPTION 
FooD CoNVERSION 
CLINICAL CHEMISTRY 

SGPT 
AP 
ToTAL PROTEIN 

. ALBUMIN 

T4 

ORGAN WEIGHTS 
LIVER - ABSOLUTE 

- RELATiVE 
KIDNEYS - ABSOLUTE 

- REUTIVE 
THYMUS - ABSOLUTE 

- RELATIVE 

GROSS PATHOLOGY 
KIDNEYS - SLIGHT SWELLING 
DECREASED ADIPOSE TISSUE 
DECREASED BODY SIZE 
STOMACH - EROSION/HEMORRHAGE 

HISTOPATHOLOGY 

LIVER - HEPATOCELLULAR CHANGES 
- DIFFUSE, SLIGHT 
- DIFFUSE, VERY SLIGHT 

KIDNEYS- SLIGHT CYTOPLASH!C CHANGES IN 
CONVOLUTED TUBULES 
- DIFFUSE 

- FOCAL 

15 

t?F 

1' t1 

DosE ( M G!K G! DAY ) 
_.QQ__ 100_ 

~.l, 
,... 
~· 

' 
+ r· r· 

t F 

HF 
t ?F .!- F 

t?~\ 

·1· M II 

t M 

M,F ·-r-

150 

I M F Vtl, 

.)., F 
.J..M,F 

t M, F 

4- F 
T1F 
TtF 
~F 

.. ,... 
i r 

t M 
t M, F 
I . '­
..V• 

M r 
1 1, r 
F 
c 
' 
F 

M,F 

M ::: 
j l ' j 
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PURIFIED 2,4-D- SUMMARY OF TREATMENT-RELATED CHANGES IN RATS' 

(PRELIMINARY ASSESSMENT) 

TREATMENT-REI ATED CHANGES IN: 

BODY WEIGHT (MEAN) 
Fooo CoNSUMPTION 
CLINICAL CHEMISTRY 

SGPT 
.li.P 
GLUCOSE 
ALBUMIN 

T4 

ORGAN WEIGHTS 
LIVER - ABSOLUTE 

- RELATIVE 
KIDNEYS - ABSOLUTE 

- RELATIVE 
THYMUS - ABSOLUTE 

GROSS PATHOLOGY 
KIDNEYS- SLIGHT SWELLING 
DECREASED ADIPOSE TISSUE 
DECREASED SODY SiZE 

HISTOPATHOLOGY 
! • .--
L!Y~~ - HEPATOCELLULAR CHANGES 

- DIFFUSE, EQU! VOCAL 
- D!Fi"USE, SLIGHT 

KIDNEYS - SLIGHT CYTOPLASMIC CHANGES IN 
CONVOLUTED TUBULES 
- DiFFUSE 

- :'IUL TIFOCAL 
- FOCAL 

15 

t ?M 

F 

D 0 S E ( !', G/ KG/DAY ) 
_50 '100_ 

* F 

. "'-'tc .;_I 

i F 
t ?M 

i F 
1 M 
t M, F 

F 

~~ 
M C 
j i J ' 

t 
,... 
r 

~ M,F 

~ F 
1?~\ 

t F 
'1' M, F 
t M,.F 

c: 
I 

M,F 
F 

I~ 
'I 

M != 
; I J ' 

M,F 

150 

,V M, F 
.l- M,F 

i'M,+tF 
-1- ?F 

-1M, F 

~ F 

t F 
t F 
t i'\,F 
~ F 

M,F 
F 

M 
'' 
F 
--' 
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EXHIBIT 2 

UN I TED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 2.0460 

OFFICE OF 
PESTJCIOES Al'\0 TOX.!C: SUBS7AHCS:S 

ORDER AND NOTICE 

Dear Registrant: 

In the August 29, 1980 ORDER AND NOTICE issued under Sc;ction 
(3J(cJC2JCBl of the Federal Insecticide, Fungicide and 
Rodenticice Act, 7 u.s.c. 136a CclC2lCBl, EFA informed 
registrants of 2,4-0 products of a variety of data­
submission requirements. Thls letter modifies some aspects 
of our original request for data and clarifies other 
requirements that may not have been fu I I y urderstood by 
registrants. Except tor changes made in this letter, the 
original O.'WER AND NOTiCE remains in effect. 

First, the Agency is deferring the requirement for the 
studies on acute oral toxicity and acute der·mal toxici·ty of 
end-use products containing 2,4-D. The Agency wil I group 
the 2,4-0 end-use products and require tc ~g on a 
representative sample for each group. This action wi I J 

achieve a better balance between the Agency's need for more 
data on acute toxicity and the Agency's desire to avoid the 
unne.cessary duplication of data. It wi II also rei ieve small 
manufacturers of the burden of producing data for each of 
the numerous end-use products~ 

In this way, the information needed can be generated by 
fewer studies. The lower cost of this reduced number of 
sTudies can be shared among the registrants. EPA wi l 1 
inform registranTs of the revised requirements and the 

.timetable for submission of data at a later date. 

Registrants of manufacturinq-use products are sti I required 
to submit acute oral end dermal toxicity studies for those 
products. The Agency has grouped these products (see 
Appendix 11, and registrants may cooperate to produce one 
seT of tests for each group. The terms of the August 29 
ORDER ANO NOTICE continue to apply to these acute 
studies. the schedule tor submission of these sTudies is 
.'~ay I, 1981. Registrants may request a time exTension, if 
necessary, with an adequate rationale. The registranTs at 
manufacturing-use products should refer to the August 
OROER .-\NO NOTICE for detailed guidance. Page 3 of the 
earlier OROE,'i. A,"~O NOI! CE raqu ires r"eg i strants to respcnd in 
one of six ways for eacn produc~. 
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These six options, with comment~ explaining why some of the 
options are not appropriate responses to this reques~ for 
acute toxicity data, are: 

(A) You must noT ~ry EPr. that you are w iII i ng r,to 
produce and submit the data yourse If; 

(8) You must notify EPA that you have entered lnta an 
agreement, with one or mora of the other registrants who are 
subject ·~a this notice's requirements, to jointly produce 
and submit the data, or to share in fhe cost of ~his work; 

<C) You must provide to EPA the ''Statement of 
Wi I I ingness to Enter Into an Agreement with Other 
Registrants for Oevelo~ment of Oata 11

, in accordance with 
Section V and Appendix C of the August 29th ORDE~ AND 
NOTICE, which '1fi I! a/ !o·r~ C:PA to exempt you, under cerTa,in 
circumstances, from the consequences of not submit7ing some 
or a II of these data; 

Options (8) and (C) apply to joint studies of a single 
test substance that serve to meet data submission 
requirements for two or more products. These opTions are 
appropriate for products which have been grouped together. 
Regis~rants may jointly produce the data for each group, ·or 
a registrant may choose to produce acute 0~cl and dermal 
toxicity stu~ies for his own product; 

(0) This option applies only to end-use products; 

(E) This option provides for waiver requesTs. The 
studies being requested on acute oral and dermal toxicity 
provide the minimum amount of information on such toxicity 
that is acceptable to the Agancy. By thus reducing the 
scope of the request for such data, EPA thinks that it has 
eliminaTed the circumstances under which waiver r·equests can 
be justified. Accordingly, the Agency does not contemplate 
granting waivers of these minimum requirements for data 
producTion. 

( Fl You must t i I e wIth EPA a request that the 
registration(s) for your products containing any oral I 
forms of 2,4-0 be voluntarily cancelled. 

If a reg1strant has an exlsting study which may fi l I one of 
the requirements in this Notice, that study nay be submitted 
to the Agency. We wi i I prompTly review ~he study to 
determine if it is sciantifica!ly valid and satisfies the 
requirement. 
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Registrants of manufacturing-use producTs have 30 days from 
receipt of this letter to resoond to the requirement for 
acute or. a I and ~cuTe derma! taxi city. tests on each 
manufacturing-use product. If your company has registered 
manufacturing-use products, a ! ist of manufacturing-use 
products and regfstrants is aTtached to this no~ice1 You 
may use this 1 ist to identify products for which joint data 
production is appropriate. (Appendix I 1). If affected 
registrants do not respond within 30 days, the Agency may 
suspend their- registrations as stat,ed in the earlier ORDER 
AND NOTICE. 

Registrants are also reminded that dermal absorption studies 
on some liquid and emulsifiable concentrate end-LISe products 
w i I I st iII be required, as r.1ent i oned in the August 29th 
ORDER AND NOTICE. EPA is developing a protocol 1'or 
these studies, and consolidating these data requirements so 
that each end-use product need not be tested. As in the 
case of the acute oral and dermal toxicity data 
requirements, this action wi II substantial !y reduce thei 
number of studies to be done, avoiding need!e.ss duplication 
of data and unnecessary hardship on smal I manufacturers. 
Regis~rants wi I I be notified at a later date of the protocol 
to be followed, the revised data requirements, and the 
scheduled date for submissio~ of the studies. 

If you have any questions concerning this letter, or the 
orginial ORDER AND NOTICE, you may contact Patricia Cor1n 
at (703) 557-7973 for further information. 

Sincere.ly 2ours, ~" 
c:.-/ c~ 

~,:c..--4-_ ' '--"". 6/ ' /-'~ 
Edwin L. Johnson 
Deputy Assis~ant Administrator 

for Pes~icide Programs 
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APPENDIX I 

Grouping of 2,4-0 Manufacturing-Use Products 
for .Acute Oral and Derma I Test i' ng 

The Agency wi l I accept one set of acute oral and ac~te 
dermal toxicity tests for each group of products 
identified below. The basis for developing these groups 
is that the Agency anticipates one set of acute oral and 
derma I LD_

0 
va I ues w iII adequate I y represent a I I 

products ~n the group~ The Agency may require addit-ional 
actue toxicity tests within a group lf a review of the 
single set of tests indicates that ~hey may not be 
representat-ive of all product-s in the group. 

The products that the Agency wl! I accept as the test sub­
stance for each group are l~dicated with an asterisk.* 
Any registrant m2y choose to test his own product rather 
than to participate in testing the representative product 
for the group .. 

Note: Products containing si !vex are suspended,, therefore no 
testing is required on these products at this time. 

AcuTe oral and dermal toxicity studies are noT being requic-ed on 
formulation int-erimediates in granular form. 

2,4-0ichlorophenoxyacetic acid Technical arade 
Product- numbers 

148 - 1225* 

264 - 24 7* 

359 - 579* 

464 - 453* 
464 - 454* 

524 3 * -

677 - 266* 

2217 - 455* 

6305- 11* 

7501 23* 

7969 - 22* 

39335 - 3 

this registration is being transferred to 
registrant number 34704 

this registration is being transferred to 
registrant number 400 
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39335 - 30 

39511-60 

In order to determine whether the following t\"1'0 tecl"rnica! 
grade 2,4-0 acids may be grouped w[th the abo~e ~rocucts, 
the Agency mus~ receive an accurate, current confidential 
statement of formula for these products within 15 days 
from receipt of this letter. The Agency wi I I promptly 
review the Confidential Statements of formula and notify 
registrants whether they may participate in the above 
group or must produce separate acute toxicity tests. !f 
The Agency does not receive the Confidential Statements 
of formula the registrants mus~ produce separate acute 
ora I and derma I toxicity tests for each of thE!Se two 
products. 

2217-632 

7969 -29 

Sodium ~ 0 i chI croohenoxyacetate techn i eel orad·:: and 
formulation intermediate 

228 - 123* 

39335 - 26 

I soocty I (2 ethy I hexy I) ~~ d i chI oroohenoxyacetate techn i ca I 
ora de 

148 - 925* 

228 - 126* 

464 - 458* 

524 94*- this product is being transferred to registrant 

677 - 251* 
677 - 255* 

39511 - 62* 

40831 - 1 19* 

number 34704 

! sooctv I ( 2 octv! ) 2 4-dichioroohanoxycce~ate technical 

359 - 577" 

Butyl 2 1 4-dic~!oroohenoxvacetate techn1cal arade 

228 - i28c< 

359 - 584* 

oracle 
~-



HED Records Center Series 361 Science Reviews- File R102501 -Page 26 of 34 

464 - 456* 

524 62* this registration is being transferred to 
registrant number 34704 

677 - 252* 

395 1 I - 61* 

Isobu-t-yl 2,4-dichloroohenoxyacetate technical 

148 - 927* 

Butoxyethvl 2 4-dichloroohenoxvacetate technical grade 

228 - 136* 

464 - 518 

39511 - 63* 

I soorooy I 2, 4-d i chI oroohenoxvace-;-ate 

677 - 249* 

5481 - 144* 

Formulation Intermediates - Dimethylamine 

464 - 457 -This producT must be tested 

2217 - 488* 
- 493 
- 531 

57 I 
- 602 
- 623 
- 625 

39335 - 27 

2217 618 this producT must be tested 

Formu!atton Intermediates - Diethono!amine 

2217 - 524 th(s product mus~ be tes~ed 

2217 - 491 this product mus-t- be tesTed 

Formulatlon ln~ermediate 

228 - 14 I this product must be tested 
- SutoxveThy I 2 4-D 

I 
i 
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EXHIBIT 3 

PROTOCOL FOR DEVELOPC'!ENT OF A METHOD TO ANALYZE 

2 ,4-D ACID FOR THE PRESECICE OF DIOXINS 

Com9ounds for \,;hich the method w-ill be validated: 

2,7-Di CDD*; 1,3,8-tri CDD~:; 1,3,6,8-tetra CDD*; 2,3,i,8:-tetra CDD 

*Investigation may show that the method should also anal.yze fer the 
Smiles rc~rrangement products of these coopounds (the Smiles 
rearrange!!lent products are 2,8-DCDD; 1,3, 7-tri CDD; 1,~~, 7 ,9-tetra CDD) ~ 

Soecification limit to be supported bv method: 1 ppm 

Method should be sensitive to 0.1 or 0.2 ppm to support this 
specification limit. 

Tyue of method to be develooed: 

A high performance liquid chromatography (HPLC) method ;rith ultra­
violet detection will be developed if possible. This type of method 
is attractive because of relatively low equipment cost .and suitability 
for use in a plant laboratory. 

Standards: 

Preparation and characterization of standards will need to be carried 
out at che same time as method development. 
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METHOD DEVELOPNENT 

1~ Confirm that development of an HPLC method is feasible. 

Analyze 2,4-D acid samples from the various pr-oducers by 
modificacions o£ the method in Anal. Chem. 50, 800 (1978). 
The 2,4-D acid will be dissolved and extracted and the 
extract analyzed by HPLC. 

Dioxin reference compounds presently available will be used 
until analytical standards are prepared and validated. 

As part of the method development, if peaks of apparent 
concentration >0.1 or 0.2 ppm are. present at the retent:Lon 
times of the dioxins being sought, the identity of the peaks 
will be checked by gas chromatography - low resolution mass 
spectromecry (GC-MS). 

la.. If step 1 is not successful, additional cleanup of the ex-tract with 
final HPLC examination will be tried. 

2. If steps l or la are successful, the HPLC procedure 1;vill :,e studied 
to shorten it and optimize. it. Initial experiments have shmm that 
the probability of success is hj_gh. 

Parameters to be studieci include: 

direct injection of extract without cleanup 

effect of extraction solvents 

e££ec~ of detector wavelength on sensitivity and interferences 

suitability of single wavelength detectors 

applicability of an integrator to the method 

modifications of the liquid chromatography mobile phase 

effect of temperature and te!lj:perature. variations 

3. Validation of method for the analysis of 2,4-D acid 

prepare 10 synthetic samples with known dioxin concentrations 
of 0.2 to 1.5 ppm 

analyze the synthetic samples by the proposed method 

calculate precision and accuracy for each dioxin being deter~ined 

usual practices for generati!lg "validation data will be follmved, 
i.e., analyses on different days and by dif:erent analysts 

4. Collaborative testing 

An independent laboracory will test the suitability of the ~ethod 
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EXHIBIT 4 

<' 

Recrinted from ANALYTlCAL CHEMISTRY, 'loL 50, Psge 800. :VIay. 1978 
Copyright g L978 by the American Chemicai SocietY and reprinted by permi.ssion of the c:opyri~ht owner 

Determination of Chlorinated Dibenzo-p-dioxins in Purified 
• Pentachlorophenol by Liquid Chromatogrp.phy 

C. 0. Pfeiffer, • T. J. Nestrick, and C. W. Kocher 

Anaiytical Laooratories, Cow C.~emicat U.S.A.. Midland. Michigan 48640 

A rapid liquid chromat09raphjc meihod for the determination 
of hexa~, nepta·, and octachlorodibenzo-p-diox!ns in penta· 
chlorophenol is described. The nonpheno!ic impurities are 
quantitatively isolated from the sample matrix by an ex­
traction-column chromatography procedure that permits the 
chlorinated dibenzo-p-dioxins to be determined by reverse­
phase partition liquid chromatography. Sample concentJ·ates 
are analyzed in a 12-min separation with detection limits of 
100 parts per billion. The entire analysis may be completed 
in 60 min. 

Numerous methods have been published for the deter­
mination of chlorL.'1ated dibenzo-p-diox.ins (CDDs) in pen­
tachlorophenol which is now widely used as a wood preser­
vative and fungicide. Recent techniques U5ed for this anal:rsis 
have included gas chromatography with mass spectrometry, 
flame ionization or electron capture detection, and liquid 
chromatography -with ultiavioiet decection (1-6). The met..1.ods 
employing gas chromatography-mass spectrometry otfer the 
greatest :Specificity and sensitivity. However, Liquid chro· 
matography remains an attractive alternative for analy-zing 
samples on a routine basis because of the relatively low cost 
of the equipment required and the rapid separations possible. 

The liquid chromatography method described previously 
(5) had two major iimitations in that the separation was 
relatively slow requiring 40 min and the sensitivity for 
hexaMCDD was limited to approximately 0.5 ppm in typical 
satnples. T'ne objectives of the present work were to improve 
both the sensitivity and specificity of the method for hex:a­
CDD ami reduce the tiquid chromatography separation time. 

R.'l:P ERD1ENT AL 
Reagents. Carbon tetrachloride, chloroform. mechvlene 

chioride. hexane, o-x:ylene, and :nechanci o{ disti1Ied-in:g1ass 
qualicy were obtained :rom Burdick and .Jackson Laboratories. 
fnc .. .\1uskegon. ~vlic.b~ .-\queow 3oditll:l hydroxide :;oiurions were 
;nepared by appropnate dilution of reagent r.-ade 50% 3od.ium 
hydroxide by we1:g.D.c obtamed from .J. T. B.,;.ker Chemical Co .. 
PtllilipsO~. XJ. ~ilicic dcid a.s l00/200...mesD. Bio-3il.\ and basic 
alumina a::; 100;200-mesh Sio-Rad Basic .-\lumina AG-l:J were 
obtained from Bio-Rad Laboratories, Richmond. Ca.iii. 

T"ne Bio-Sil A adsoroent was d.r·ied in a ~emperature controUe-ci 
tube furnace under continuous nitro~en purge • approximately 
l(X) c:n3/min'J at ~30 "C t'or a penod of 1.5 h. The baii1c alumina 

adsorbent was also dried in this apparatus at 280 c C for 1.5 h. 
Dried adsorbents were stored in capped glass bottles in a glass 
desiccator over phosphorus pemoxide to maintain their activity 
until used. 

Chlorinated Diben:zoMo-diox:in Standards. The he:s:a· 
chlorociiben:zo-p-dioxi...'1 (he~-CDDl, heptachlorod.ibeJ:rzo--p-d.io:rin 
{hepta.-CDD). and octachlorod:ibenzo-.o··dio:cin (octa~CDD) used 
as standards were synthesized at the Dow Chemicaj Company. 
These materials were 3Ubject::d to rigorous analysis by mass 
spectrometry, infrared spect:mphotometry, nuclear magnetic 
resonance spectrometry, gas chromatography, and combined gas 
chromatography-mass spectrometry t GC-0i1S) to confirm their 
identity and purity. The hexaMCDD and octa·CDD were those 
compounds reporr...ed. by Aniline~ (7). The purity of <:he hexa-CDD 
(a mix.ture of two ~orners) was greater than 99%. The octa-CDD 
had a purity of 99.9% and also was examined by single crystal 
x:-ray spectrometry for unequivocal proof of structuxe (8). The 
hepca-CDD, single isomer l,:Z.3,4,6,7,3-heptacblorodiben.zo-p­
dioxin, was prepared via the specific ~somer synthe·sis reported 
by Grey i.9L Its purity was g1:eater than 98.5%. 

Standard solutions of each CDD WB1'e prepared ·oy weight in 
o·:tylene at approximately the 200-ppm leveL For liquid chro­
matographic analyses. appropriate aliquocs were diluted with 
chloroform to yield a final mi.:uure containing 0.2 to 1.5 ;.rg/ rnL 
hexa·CDD, 5 to 15 ,ug/rn.L hepta-CDD, and 5 to 25 ~/mL 
octa·CDD. The same procedure u.sing 0··:-cylene as the diluent was 
used to produce standards c,f approoriate ,;:oncemration for 
electron capture gas chromatographY· (GC-EC) and GC·~'lS 
a..'1alyses. Caution. Extreme care r::rust be caken co a. void Jkin 
contact with either the standJ.rds or standard solutions. Gloves 
must be worn at aU rimes when handling these compounds or 
concentrated extracts of materials believed w contain these 
species. 

Apparatus. Liquid Chromatograph. The tiq·uid chroma­
tograph fLC) used was a modular system consisting: of a \Vaters 
.-\ssociares model :YI-6000A pump. a Rh€'~yne mode! i1.20 5a1Dple 
injection valve. and a Perkin-Elmer model LC·5~i or LC-65T 
variable wavelength ultraviolet detec1:or. The mic!ocarticuiace. 
reverse-ohase ccillinn used was a -i,.6 X '250-mm ODSiZorbax •,_6u., 
DuPont, Instrumencs}. It was purchased prepack&d from :~l:le 
supplier and used. as recelved. The LC operational parameters 
were: mobile phase. ~ethanol: :::1obile pf..ase t1ow rate. 2.0 mL mi.."'!: 
column :emoerature. amOient: detector wavelength. 2.;5 nm: 
detector sen~iti,.·ity, 0.1J2 .\CFS. injection, 6 .-L. -

Gas Chromatogra.on lCC-ECl. A Varian Series 3700 Ga::; 
Chrornarograpn eq~p.ped wiili an Aerograph .;.1~i P-J.lsed ElBct:on 
Capture Detecwr was used.. ,.l,. ~·mm i.d. x 3.SO-cm gia.s5 column 
was cieaned and deat::ivateci by cii.rnethyldicf-Jorosila.ne crearment, 
then packed using gentle <.racm.:.r:n and a vibrator. The coillrTin 
packing ,;'.)n::;isteci ot" a biw.ary s~arionary phase r:1ixture: 0.60% 
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FigtJre 1. Ultraviolet speC".rum of hexachloridibenzc-p-diox~.,- Soillvent, 
methanal; reference, methanol; ceil path, 1.CO em 

OV.l7 silicone and OAOo/o Poly S~l79. coated on specially 
deactivated 80(100 mesh Chromosorb w.AW using a slurry 
procedure with chloroform as the solvent. The column was 
conditioned for approximately :24 hat :120 °C wiw.,_ 35 cm3/ min 
nitrogen carrier gas r1ow prior to usa .• -ill injections were made 
on-column under the following conditions: column temperature, 
programmed from 170 to 290 "Cat 5 'lC/min {hold at ma:d:.rnuml; 
carrier flow rate, 25 cm3/n:lln; injection port temperature, 250 °C; 
detector temp~rarure. 320 °C; and eiecuometer sensitivity, 64 to 
128 X 10. 

Gas Chromatograph-Mass Spectromer:er (GC-,\-fS). A Fin­
nigan model 3000 quadrupole mass spectrometer equipped with 
a venting system. glass·jet separator interface, and a 4-ion 
programmable multiple-ion monitor was used. The gas chro­
matographic coiumn, packing, and operational. parameters were 
the same as described for GC-EC, except for carrier gas and flow 
rate wbJc...1. were helium at 30 cm3 /min. Polyc..1..lori..nat.ed benzenes, 
polychlorinated biphenyls, polychlorinated diphenyl ethers, 
polychlorinated dibenzofurans, and polychlori..'"latecl dibenzo­
p-d.ioxins were identified by mass fragmentography at selected 
m/ e values in accordance with data published by Buser (2). 

Liou.id Chramatogrc.phy Adsorbent Columrr..s. The silicic acid 
and basic alumina cleanuo coiumns were prepared in 5-mm i.d. 
x 150-mm glass disposable capillary pipets available fron:. VVlR 
Scientific, San Francisco, Caiif. The capillary end was plugged 
with glas3 woo! and an appropriate amount of dried adsorbent 
was dry4 packed into ;he 54 mm i.d. portion of the pipec· so as to 
produce a bed 60 mrn in height. 

Sample Preparation. A ~.00-g portion of the pentachloro­
phenol (PCP) sample was weighed into a 4-oz glass bottle and 
75 mL or" 0.3 ~ aqueous sodium hydxo:tide and 15.0 mL oi he~e 
were added. The bottle was caooed and olaceci on a 3haker for 
15 min. FoUo>Vin~ layer separati~n. a 7.5-~L aliquot {equivalent 
to 2.50 g PCP) of :he crude hexane ex::ract was remo•;ed and 
passed through. a silicic acid adsorbent column followed. by an 
additional 7.0 mL of hexane with the total e[uem being collected 
in a disposable glass vial. A flow rate of :2 to 3 drops/s was 
maintained by applyin~ gentle air pressure at the top or" the 
column using a rubber bulb. The 5ilicic acid effluent was then 
passed through a basic a.hunina adsorbent column (under the same 
tlow rate conditions} and the hexane effluent discarded. The 
column was tb.en eluted. with 10 rnL of 25% cariion tetrad·Joride 
in hexane lv/v) and the effluent again discarded. The CDD 
fraction was cnen eluteci from the ~olumn with 6 mL o{ .:;Oo/o 
::aethylene chloride in be.!ane (v/vl. This f:raction was .:oilected. 
in a 3--dra.m. disposable glass <..1al and evaoorared to dryness u..,der 
a gentle nitrogen :;tream at room temperature . ...\ LO-mL aliquot 
of chloroform was added t.o the vial and ~;...l,e residue dissolved >vith 
gentle shaking. The chloroiorm sample concentrate was ~hen 
analyzed by liquid chrornawgraphy. 

RESuLTS AXD DISCUSSION 
Optimization of Liquid Ch.romatogJ"aphy System. T:J.e 

LC method published pre'llously (5) for the determinarion of 
CDDs in pentac.!-Jorophenoi was de~,-·eloped. u:sing a pe.l.I.icula.r 
reverse-phase ::oiumn packi."lg and. a fixed waveLen~h (25-l: 
run) ultra1.iolet detector. Two oi the rr:.ilit 3ig!l~:lcant adsa.'1ces 

ANALYTICAL CHEMISTRY. VOL. 50. NO.6. MAY 1978 • 801 

Min•n"" 

Fi9ure 2. Comparison of dete1ctian waveiengrhs far chlorinated di­
benzo--p-dioxins. Column, ODS Zori:Jax; experimental c:ondttions given 
in text 

been the development of stable variable wavelength detectors 
and bonded phase column packings on porous microparti· 
culate supportS. The use of micropa-:-;;iculate column packings 
and a variable waveie~h dE:tector was investigated as a mear..s 
to achieve a more rapid separation and increased sensitivicy. 

Examination of the ultraviolet spectrum of hex.a-CDD 
(Figure 1) shows that 254 nm is an inappropriate wavelength 
for the sensitive detection of this compound. The ultraviolet 
absorptivity at 2.45 nm is e1:ght times the absorpthity at 254 
nm. Therefore, the LC sensitivity was i.mproved by a factor 
of eight by monitoring th!:;: separation at 245 Llm. This in 4 

creased sensitivity for hexa-dioxin is illustrated in the liquid 
chromatogram in Figure 2. The sensithity far hepta·CDD 
and octa-CDD was also improved. 

SA:>1PLE PREPARATION PROCEDBRE 
The previous LC method. (5) was developed specitlcally fat" 

purified pentachlorophencl (DOWICIDE EC-7, Trademark 
of the Dow Chemical Com!~any) and was not suitable for all 
:ypes of technical penc.achlorophenol because of interferences 
ln the hexa4 CD D region of the chromatogram. Impurities 
present in commercial per:tachlorophenol include chlorodi­
benzofurans (CDBFs), c.b.lorodiphenyl ethers (CDPEs), 
cbloropD:enoxy phenols fCPPs), polychlori..nated. benzenes. and 
polychlorinated biphenyl:::. ln ddd.ition to CDDs. The ex· 
tracr-jon-:on exc...;,a..."lg'e procedure described previ(lUSiy removed 
the chloropheno!s and C?Ps from the CDD fraction but no 
.;epara~ion of ~he neutral ·:.mpurities wa.s oOtained. 

The extraction-adsorption chromatography procedure 
described here eliminates all kno"'"TT interferences in penta· 
cbJorophenol from the hexa-CDD rerenr:ion ~::me in the re­
ve.rse-pb.a..<:..e LC separation. The procedure i...11volves dissoki:r:.g 
che sample in aqueous caustic which is then extracted wit!J 
hexane. The hexane exn-2:-ct is passed through a dispo:SaOle 
bed of silica gel which retains any cD.lorophenois. CPPs, or 
other polar in::.pu.:i~ies es:t:·acted from the aqueous soiution. 

The hexane soiution ls chen p~sed through a ci.isposable 
bed of basic abmina which retains th~ CDDs, CDBFs. a.nd 
CD?U 'M'h.ile any c!-.lorobenzenes cr chlorobiphenyls pres-ent 
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Figure :3. Determination of chlorinated dibenzo·o-dioxins in penta­
chlorophenol. Column. ODS Zorbax: ccnditions in text. Stan·dard 
concentratiOns: hexa-CDO = 2.0 p.g/mL. hep~a-coo = 8.5 p.g/mL. 
octa..CDO = 25 _u:g/mL 

Table L Recovery Data for Chlorodibenzowp•dioxins 

Hexa-CDD Hepta-CDD Octa·CDD 

High level 
spike 4.27 ppm 17.08ppm 5L25 ppm 

No.1 4.35 (102%) 16.65 (97%) 49.11 (96%) 
No.2 4.44 (104%) 16.93 (99%) 50.84 (99%) 
No.3 4.58 (1 07%) 17.02 (100%) 50.75 (99%) 

Specifica-
tion level 

spike 0.99 ppm 9.89 ppm 19.78 ppm 

No.1 1.02 (103%) 10.47 (106%) 20.82 (105%) 
No. 2 0.95 (96%) 9.79 (99%) 19.89 (101 %) 
No.3 0.96 (97%) 9.74 (99%) 19.46 (98%) 
No.4 0.98 (99%) 9.93 (100%) 19.53 (99%) 
No. 5 1.04 (105%) 10.03 (101 %) 19.26 (97%) 

Low level 
spike 0.095 ppm 0.563 ppm 0.936 ppm. 

~0. 1 0.077 (81%) 0.537 (95%) 0.921 (98%) 
No.2 0.069 (73%) 0.534 (95%) 0.990 (105%) 
No. 3 0.098 (103%) 0.518 (92%) 0.912 (97%) 

Av !'l;!Covery (97.3%) (98.4%) (99.4%) 

r:etrachloride in hexane ls then passed through t.he column 
to selectively elute che CD PEs. The CDD fraction is eluted 
by passing 5 mL or' 50% methylene chloricie in hexane chrough 
the column. The effluent is evaporated to dry-ness using a 
stream of nitrogen at room temperature and the residue is 
redissolved in chloroform and analyzed by LC. 

An e~ampie of the LC separation for a CyPical sample of 
purified pentachlorophenol is illustrated in Figure .3. This 
CDD frac!:ion concentrate was obtained from :2.5 g of pen­
rachloroph.enoi <;;<-itb the residue dissolved in LO m.L of 
c!1loroform. The sample ~ontaineci 0.6 ppm .hexa-CDD, 5.2 
ppm hept:a-CDD. :1..'1d 5.2 ppm ocm-CDD. Detection limits 
oi 50 9pb for hex:a-CDD ami lOG 99b for hepr.a- and octa-CDD 
.:nay be achieved by reducing the ';olume or' chloroform used 
to dissolve the CD D 'traction Lo 250 "'"L 

The effecr:ivene:5s of che sampLe cLeanup procedure is il­
lustrated in t:.he 5eries of chrotnatograms Ln ?igure 4. Figure 
.;a represents the LC ~eparation oi the totai nonphenoi.ic 
impurity fraction duted. 7with b.exane orf the silica gel column. 
Chromatogram 4b represents the hexace eifluent from the 
basic alw::;.ina column coma1ning primarily ch.iorobenzenes. 
chlorabiphenyls. and chlorodiphenyl ~thers. s~paratlon .!:c 

MinutH 

( ~b} 

tO q T4 

.\linuun 

iO 1:!: 14 

0 10 1~ 

Minurn 

Fl9ur~ 4. Liquid chromatograms <lf fractions from cleanup procedure. 
Coiumn, OOS!Zoroax; conditions as in text 

represents primarily CDPE.:; eluted wirh the 25% carbon 
tetrachloride in hexane whih~ '1.he separatlon ln Figure --td is 
of the CD D ~rac::ion. 

The CDD traction also cont•:lln.s CDBFs bu~ thesr8 impUiir:ies 
do noc interfere with che determination of the CDDs because 
oi the unusual selec:ivity of ;:his LC ;;ystem. The necessary 
se.iectivity was obcained using pure cnech.a...'1o[ as the mobiLe 
phase on the ODS,.'Zorba.x coi!..llnn wh.H.:h causes ail he~a-CDD 
isomers to eiute in a singie $)-"'Tilmetrical peal-e Th.e cwo 
hepta-CDD isomers also eiute in a singie pe:::.k resulting ir:. a 
simple r;b.;-ee-peak c.hromac;::ogram that per:::nirs rapid J.nd 
3.ccurate quanti cation. This is a marked contrast to GC or 
GC-:tLS where up w 5ix partial:y resolved pe~ are obtained 
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r1gure 5. Secaration of chlcrodibenzo-p-Cioxin isomers by liquid 
chrorr.atco;raphy. Coiumn. OOS/Zorbax at S5 .:~c; mobile pi"!ase, 15% 
waler in acetonitnie at 2 mUmin: detector 0.01 AUFS at 245 nm; 
injec:icn, 5 _~L at DOWICIDE EC-7 concentrate 2.5-g sample in 1.0 
mL chiorotorm 

10 12 

MinutH 

Figure 6. !rapping LC peaks fer identification. Co!umn, ODS/Zorbax. 
Conditions listed in text 

Table il. Predsion Data for Chlo.rodibenzo-p-dioxins 

Hexa- He pta- Octa-
CDD, CDD, CDD, 

Run No. ppm ppm ppm 

1 0.15 1.09 2.28 
2 0.14 0.99 2.07 
3 0.16 1.03 2.24 
4 0.16 1.11 2.19 
5 0.16 1.13 2.28 
6 0.16 1.08 2.44 
7 0.16 1.15 2.34 
3 0.16 1.12 2.28 
9 0.15 1.11 2.--l:O 

10 0.16 1.04 2.27 
.\v 0.16 1.08 2.28 
Rei std dev (-::9.1%) (.:t:9.1%) (:>:8.9%) 

for hexa-CDD and where CDDs ~d CDBFs are not com­
pletely separated. The CDBFs do not interfere w·lth cbe 
determination ·Jr' CDDs by LC because oi the column se­
Lectivity using methanol as the eluent. Additional seiectivity 
is inherent due w reduced l...7V sensitivity o[ rhe CDBFs a.t 

:245 D.m. DO\YICIDE EC-7 ~y-pic:uly contains less tha..'l 1).5 

ppm of a ?artic"J!.ar hexa-CDBF ~soro.er which eiures in ::he 
region of hepta-CDDs. For DOWICIDE E.C-7 ~his is the orJy 
knoy,.n i.mert"erence :or the LC procedure. Because or· ty-pical 
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Figure 7. GC-EC examina:iof'!· of LC peaKs. Conditions ,n :ext 
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Table HI.. DOWICIDE EC-7 Correlation Data-LC and GC-MS 

DOWIClDE EC-7, 
He:x:a-CDD, ppm Hepta-CDD, ppm Octa-CDD, ppm 

Lot No. LC GC·MS LC GC-MS LC GC·MS 

l N.D.u 0.1 0.6 0.-! 0.9 0.6 
2 2'-i.D. 0.1 0.5 0.5 1.2 1.5 
3 0.6 o.s 5.1 . ' o .• 4·.1 -b.6 
4 0.2 0.3 1.5 1.5 2.4 2.2 
5 N.D. i-i.D. 0.3 0.2 0.7 0.7 
6 0.3 0.4 2.0 1.4 1.9 ~ 1.4 
7 0.4 0.7 3.7 3.8 ''-3 3.1 
8 N.D. N.D. 0.4 0.3 1.6 1.4 
9 0.7 1.2 10.8 11.1 28.5 33.0 

10 0.2 0.3 1.1 l.l 1..3 1.3 

a N.D. indic-aces "not detecred" with a li:rnit oi detection of 0.1 ppm for hexa-cDD. 

concentration differences bet·.veen hexa- and ~epia-t·!'-..l(Jrinuted 
species (typical: ~epta's > iO x hexa's) this interference . 
becomes insigniJ:1cant relative to the limits of error prescribed 
for this tech.."lique. By increasing the LC column temperature 
to 55 <)C and using acetoflitrile/water as eluent some CDD 
isomer separation was achieved but this was considered 
undesirable for the intended application (Figure 5). 

Further proof of L.1.e specir1city of the LC method for C:DDs 
was obtained by collecting each CDD peak as it eluted from 
the LC column (Figure 6) during an actual anaiysis run. These 
fractions were evaporated under nitrogen, diluted to an 
appropriate volume. and re-examined by GC/EC. Chro­
matograms for ~bese separations appear in Figure 7 (a-s). 
Figure 7a is the same total CDD fraction examined by 
temp€rature-program.m.ed GC-EC showing the hexa-, hepta-, 
and octa-CDDs and CDBF's elution zones. Figure 7(b-e) are 
GC/EC chromatograms of each LC pea.k: trapped as they 
eiuted from the Zorba:r/ODS coiumn. Component identi­
fications appearing on these GC ;'EC chromatograms ~·ere 
obtained by GCjiviS using·the same chromatographic con­
ditions and column packings as described. The GC/EC 
chromatogram of the LC he:m-CDD peak (Figure Tb) shows 
at least six different components; each was identified as a 
hexa-CDD isomer. Similarly, the LC hepta-CDD peak (Figure 
7c) contains both possible isomers of hepta-CDD and a minor 
component identified as a hexa-CDBF. The other minor 
hex:a-CDBF sho~u in Figure 7a does nor. interfere with 
hepta-CDDs for this LC separation. Figure id illustrates the 
GC!EC chromatogram of the LC octa-CDD peak. . .:;Jthough 
rbe GC colw:n.n pac.k::i.ng described will not separate ocr.a-CDD 
from octa-CDBF, GC/~[S verified that tb.e component ob­
senred was octa-CDD. In addition. an octa-CDBF standard 
chromatograpbed on this LC 5}'Stem demonstrated an elution 
time of 16 min as compared to 9 min for octa-CDD. Ex­
<liilinaLion of the latest eiuting LC peak by GC jEC as sho""'TI 
in Figu.re ie indicated It co be the major hepta-CDBF isomezo 
present in DO\V1CIDE EC-7. The other three po5sible 
hepta-CDBF isomers are typically present at concentrations 
too [ow to be observed by LC under these conditions. 

"lETHOD VALIDATION 
The method was vaiidaced by obr:ainin?' :ecovery md 

precision data and analyzing- ten random production lots by 
both LC and GC-MS and comparing the results. Recoveries 
for the method were obtained by spiking samples of m ex-

·:eptionally pure lot ofDO\V1CIDE EC-7 with knovm amounts 
of CDDs and carrying them through the procedu.:re. The 
results were quantitated with external standards not carried 
chrough the method. The DOWICIDE EC-7 ccsed in the 
recovery atudies were analyzed for CDDs prior to spiking and 
recoveries were corrected for the low l.e·••els or' CDOs present 
in the sample. Samples were spiked with CD.Ds near the 
spe-cification limit for puritled pencachiorophenoi \less c.han 
1 ppm hexa-CDD and less than 30 ppm octa-CDD). at twice 
the specification level a."J.ci. at one-tenth the specification CDD 
leveL The results of the recovery studies are summarized in 
Table I. 

The poor recovery of hexa··CDD at low leveis is due to an 
LC detection problem rather than loss of the CDD. The 
sample used in the recovery work contained 0.09 ppm 
hexa-CDD which was about equal to the 0.095-ppm spike. The 
combination of large bac~orou:~d correction and operation near 
the LC detection ii.mit prevented accLU'ate. determination of 
the recovery. 

The precision of the methc.C. was determined by analyzing 
ten samples of a single specimen or' DO\V1CIDE EC-7. The 
cesults are summarized in Table Il. Fu.rther ,~vidence of 
method validity was obtained by analyzing ten samples by 
both LC and the GC-MS method of Blaser (3). The results 
of this study are summarized in Table ITI. 
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